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EDITORIAL
Hypertrophy of podocytes: A mechanism to cope with increased
glomerular capillary pressures?
The glomerular tuft is constantly exposed to compa-
rably high intraglomerular pressures within glomerular
capillaries and mesangium. Further increase of these
pressures in glomerular diseases is considered a crucial
challenge accounting for the progression of the disease
[1–3]. To understand how this may occur, it is necessary
to analyze the mechanisms that counteract the transmu-
ral pressure differences in the glomerular tuft.
The complex structure of the glomerular tuft consists of
glomerular capillaries arranged in a specific folding pat-
tern of the glomerular basement membrane (GBM) that
is primarily sustained by the mesangium [4, 5] (Fig. 1A).
The high intraglomerular pressures challenge not only
the width of the glomerular capillaries, but also the fold-
ing pattern of the glomerular tuft. Increased pressures
lead to a loss of the folding pattern, and to dilation of
the glomerular capillaries. The folding pattern of the
glomerular tuft is predominantly sustained by the mesan-
gial cells, maintaining, by centripetal contractions, the
infoldings of the GBM, thereby allowing for the capillar-
ies to arrange in the peripheral expansions of the GBM.
Podocytes appear to contribute in maintaining the folding
pattern by specific cell processes interconnecting oppos-
ing parts of the GBM within the niches of the infoldings.
The width of glomerular capillaries, on the long run, is
probably controlled by growth processes accounting for
differently sized capillaries. The width of a given capil-
lary, in an acute situation being exposed to changes in
blood pressure, appears to be stabilized by the GBM,
which is a rigid structure and, together with the mesan-
gial cell bridges, capable of developing wall tension [4, 6,
7]. In addition, the tensile strength of the GBM is rein-
forced by podocytes (Fig. 1B). Podocytes are a kind of
pericyte; their foot processes represent a unique type of
pericyte process, which, like elsewhere in the body—in
addition to specific glomerular functions in establishing
the size restriction of the filter—counteract the dilation
of the vessel. Podocyte processes are firmly attached to
the underlying GBM; their cytoskeletal tonus counter-
acts the elastic distension of the GBM. In this function,
podocytes cannot be replaced by any other cell; failure in
this function will lead to capillary dilation.
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In this issue of Kidney International, the study by
Shankland et al [8] contributes to our understanding how
podocytes may counteract increased transmural pressure
differences associated with glomerular hypertension. The
authors exposed cultured podocytes to cyclic mechanical
stress mimicking the exposure of podocytes to oscillating
blood pressure in vivo. The results (based on FACS anal-
ysis) clearly show that podocytes undergo hypertrophy
in response to the mechanical challenge. Hypertrophy
represents a general cellular mechanism, enhancing the
capacity of cells to cope with increased load. In previ-
ous studies, we have shown that podocytes reorganize
the actin cytoskeleton in response to mechanical stress
[9]. The stretch-induced actin reorganization appears to
be required for the adaptation of podocytes to increased
mechanical stress [10]. Moreover, as it has been reported
recently, podocytes display features of contractile smooth
muscle cells [11], including activation of stretch sen-
sitive cation channels by increased membrane tension
[12]. Taken together, in response to mechanical stress,
podocytes undergo hypertrophy, including cytoskeletal
remodelling and a possible activation of their contractile
machinery.
This response of podocytes in vitro may well be com-
pared with the prominent hypertrophy of glomeruli and
podocytes in animal models of glomerular hypertension
(i.e., the Doca-salt model in the rat [2]). The present study
by Shankland et al uncovers important aspects of the
stretch-induced hypertrophy in podocytes. The authors
demonstrate that mechanical stress induces cell hypertro-
phy due to cell cycle arrest based on the action of the CDK
inhibitor p21. Stretch-induced hypertrophy in podocytes
depends on entry into the cell cycle, and thus, requires the
presence of mitogens and activation of Erk1/2 and Akt.
The antiproliferative effect of stretch on podocytes [13]
conspiciously differs from the pro-proliferative effect of
stretch on mesangial and vascular smooth muscle cells
[14, 15]. It will be important to understand the signalling
mechanims that mediate responses of podocytes to me-
chanical stress. Martineau et al [16] demonstrated that
activation of p38 MAP kinase is necessary for the stretch-
induced up-regulation of COX2 and prostaglandin EP4
receptors in podocytes [16]. Though an increase of p38
phosphorylation in response to stretch was also observed
by Shankland et al, inhibition of p38 did not prevent
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Fig. 1. Schematic to show the mechanisms
that stabilize the glomerular tuft against ex-
pansion (relevant structures are highlighted
in dark grey). (A) The folding pattern of the
GBM is sustained by mesangial cells from in-
side and by specific podocyte processes from
outside. (B) The width of capillaries against
transmural pressure gradients is maintained
by wall tension, which is generated by the
rigidity of the GBM, by the mesangial cell
processes that interconnect opposing turn-
ing points of the GBM, and by the tonus of
podocyte foot processes.
podocyte hypertrophy, indicating that stretch-induced
hypertrophy relies on a different mechanotransduction
pathway. Probably, podocytes use multiple pathways to
sense and to transduce mechanical force.
Counteracting increased pressure gradients in the
glomerular tuft appears to represent a major challenge
to podocytes under a great variety of circumstances.
Failure in this function results in dilation of glomeru-
lar capillaries. Dilated capillaries are always in danger to
lead to tuft adhesion to Bowman’s capsule and, thus, to
start the development to focal segmental glomeruloscle-
rosis (FSGS). A major challenge to podocytes under
high-pressure conditions consists of preventing capillary
dilation. The results of the present study represent an im-
portant contribution how on the cellular level podocytes
could achieve the ability to generate adequate counter-
forces.
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